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I. SUMMARY 

The optimization of the procedure for preparing a heat-s ter i l izable  

bat tery separa tor  mater ia l  f rom low-density polyethylene f i lm has been 

initiated. 

with subsequent crosslinking with divinylbenzene yields a more  

uniform product having more  desirable e lec t r ica l  propert ies  than that 

produced when the film is crosslinked first and then grafted. 

It has  been found that grafting of the film with acrylic acid 



2 

IL INTRODUCTION 

A steri l izable battery separator  mater ia l  was developed by 

RAI for  the Jet  Propulsion Laboratory.  

by crosslinking low-density polyethylene f i lm  with divinylbenzene 

and subsequently grafting the resultant film with acrylic acid. 

Radiation f r o m  a cobalt-60 source was used to initiate both reactions.  

This mater ia l  was prepared 

Attempts by other contractors  to use the procedure developed 

by RAI were unsuccessful.  

and re t rea tment  of the film with acryl ic  acid was required t u  obtain 

appreciable grafting. 

and, a s  a consequencep unsuitable as a bat tery separa tor  mater ia l .  

In many cases ,  little o r  no grafting occurred,  

The product in all  c a s e s  was very nonuniform 

The purpose of this experimental  p rogram is to study the basic  

procedure for  preparing the battery separa tor  mater ia l  and optimize 

the procedure so  that film having uniformly low electr ical  res is tance 

can be produced. 

Initially, the study w a s  to be directed toward the acrylic acid 

grafting procedure of the divinylbenzene -crosslinked polyethylene film. 

The pa rame te r s  to be studied were i r radiat ion dose ra te ,  total irradiation 

dose,  t empera ture  during irradiation, f i lm  washing procedures ,  and the 

exclusion of oxygen f r o m  the grafting solution during irradiation. 
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The desired properties of the final f i lm a r e  a maximum 

2 e lectr ical  resistance of 0 . 1 2 0  ohm-inch 

f i lm and a minimum wet tensile strength of 700 psi ,  

for  an approximately 1 -mil  
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111. EXPERIMENTAL PROGRAM 

A. T e s t  P lan  

A t e s t  plan f o r  the proposed work was submitted and approved. 

A copy of this plan is reproduced in Appendix A of this repor t .  

t e s t  plan is  based on a factorial  experiment to study irradiation dose 

rate ,  total  i r radiat ion dose,  continuous and discontinuous irradiation, 

temperature  during irradiation, and the presence  and absence of 

oxygen. 

the desirabil i ty of removing the inhibitor f r o m  the crosslinking and 

grafting solution. 

B .  

The 

Several  prel iminary experiments were  to  be made to  determine 

Nomenc 1 a tur  e 

Throughout this  work, 30-foot ro l l s  of polyethylene f i lm  a r e  

modified, and to  identify the various p a r t s  of the rol l  which a r e  analyzed, 

the following procedures  and nomenclature are used.  

One-foot samples  of film a r e  taken f r o m  various pa r t s  of the 

These samples  a r e  ro l l s  of modified polyethylene fi lm for  analysis.  

identified by rol l  number, position along the length of the roll,  and 

position ac ross  the rol l .  The designation "10-1, middle" represents  

ro l l  number 10,  the f i r s t  foot of the roll ,  and the center  par t  of the 

sample respectively.  As the nomenclature applies to  the modified 

f i lm ,  the position along the rol l  may be grea te r  than 30, as the f i lm  

inc reases  in length a s  a resu l t  of the t rea tment .  
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At t imes ,  the rol ls  a r e  split into pieces fo r  fur ther  t reatment .  

When this occurs ,  the outer and inner portions of the rol l  a r e  identified 

by the superscr ip ts  0 and I. 

and inner portions respectively of rol l  10 .  

As an example, "1O0"  and "10"' a r e  the outer 

When both crosslinking and grafting procedures  a r e  performed 

on the same  rol l  of f i lm, the innermost par t  of the rol l  f r o m  the f i r s t  

t reatment  becomes the outermost pa r t  fo r  the second t reatment  during 

the rerol l ing operation. 

studied, a l l  sample nomenclature is based  on the position of the film 

during the grafting operation. 

C .  I r radiat ion Configuration and Dosimetry 

As the grafting operation is the one being 

Irradiation of the polyethylene sheet  was performed in the 

Southwest Resea rch  Insti tute 's  Radiation Effects Facil i ty and in much 

the same manner  that was used in the "pilot" program that  preceded 

the present  contract .  However, in the in te r im between the two programs,  

11, 000 cur ies  of high specific activity cobalt-60 were  added to  the facility, 

and a completely new setup was designed to take advantage of this 

inc r e  a s  ed capability , 

The target polyethylene rol l  width (and the rol l  container height) 

was  essentially unchanged, s o  the ver t ical  semi-parabolic cobalt-60 

holder used previously was retained. Additional cobalt-60 sources  

w e r e  attached on the center  line of the holder and evenly spaced in 

groups of six f r o m  top to bottom. 



Mapping the gamma flux in the t a rge t  a r e a  (front) of the new 

source indicated workable isodose volumes of 25, 000 R sufficient to 

contain eight turntables and target cyl inders .  This volume was almost  

semic i rcu lar  and symmetr ica l  to the center  line of the source9  with 

the center  cyl inders  offset slightly fa r ther  f r o m  the source ,  

arrangement  is shown in Figure 1.  

The 

Detailed dosimetry using the Bausch and Lomb cobalt glass  ch 

technique was performed af ter  the ta rge t  cylinders and turntable rack 

were  fabricated.  The ent i re  assembly was adjusted, in position or  

source  strength, until it was determined that the incident dose r a t e s  

P 

were  those specified within the e r r o r  of the dosimetry sys tem.  Dosim- 

eters were  placed within the ta rge t  cylinders (in a i r )  a t  the top, center ,  

and bottom of the volume to be occupied by the polyethylene rol ls  and 

near  the inside surface of the cylinder. 

in lead foil to shield them from low-energy "knockout". 

were  rotating in each case  so that the measured dose ra te  is an average 

of the smal l  difference in r a t e  across  the diameter  of each container.  

Resul ts  a r e  presented in Table 1. 

D .  

The dos imeters  were  wrapped 

The cylinders 

Crosslinking of F i l m  with Subsequent Grafting 

Eight rol ls  of polyethylene f i lm  were  crosslinked with uninhibited 

divinylbenzene a t  2 5 ° C .  

evaluation, one rol l  was examined for  changes in tensile s t rength,  and 

the remaining rol ls  were  saved for fur ther  t reatment  

One roll was shipped t o  the Sponsor for  his  

A s  expected, 



the tensile strength of the crosslinked f i lm  (Table 2 )  was higher than 

that of the untreated fi lm. 

Descriptions of the crosslinking procedure and the method of 

removing the inhibitor f r o m  the divinylbenzene a r e  given in Appendix B .  

Three  rol ls  of the divinylbenzene -crosslinked polyethylene f i lm 

were  grafted a t  25°C with acrylic acid using the grafting procedure 

descr ibed in Appendix B ,  

uniform throughout the rol l  (Table 3 ) .  

most  of the film was excessively high. 

As in previous work, the grafting was not 

The e lec t r ica l  resist,ance of 

Rol l  Number 2 was grafted with uninhibited acrylic acid (inhibitor 

removed by disti l lat ion of acid), while the o thers  were  grafted with 

inhibited acid. 

grafting of Ro l l  Number 2 as  indicated by the lowering of the e lec t r ica l  

res i s tance .  

value of removing the inhibitor because of the nonuniformity of the grafring. 

There  appears  to be a slight increase in the amount of 

However, a definite conclusion cannot be made a s  to the 

The amount of acryl ic  acid homopolymer was considerably l e s s  

than obtained during the previous program, and the film could be removed 

readi ly  from the jars.  

was due to  the removal of a i r  pockets f r o m  the ro l l  of f i lm  before 

i r radiat ion e 

It is  believed that the dec rease  in homopolymer 

All grafting solutions were monitored for  tempera ture  change 

during i r radiat ion,  and no exotherm occurred.  
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In a discussion of the above resu l t s  with the technical r ep resen t -  

ative of the Sponsor, it was agreed that an evaluation of polyethylene 

film which was grafted f i r s t  and then crosslinked should be made before 

proceeding with the proposed tes t  plan. It was fel t  that the crosslinking 

was interfering with the grafting reaction by limiting diffusion of the 

acryl ic  acid into the f i lm and/or res idual  divinylbenzene o r  its decom-  

position products had an adverse effect on the grafting reactions.  

E. Grafting of F i l m  with Subsequent Crosslinking 

Two rol ls  of untreated polyethylene film were grafted with 

acryl ic  acid. One r o l l  (No. 10)  was analyzed, and the resu l t s  a r e  

tabulated in Table 4. 

four  fee t  of the ro l l  of film. 

appearance and electr ical  res is tance values.  

Nonuniform grafting took place on the outermost  

This was determined by infrared studies,  

The infrared instrument was se t  for  1540 cm-’  (6 .4~1 ,  and a 

s t r i p  of the f i lm  was moved through the f i lm holder. 

indicated on the f i r s t  foot of film. 

the second, third,  and fourth foot and continuous grafting after the 

four th  foot. When infinite absorbance was obtained, it was noted that 

the film had swelled considerably and had a reticulated appearance.  

When the absorbance was nil, the f i lm had a smooth appearance much 

the same as the original untreated f i lm.  F r o m  four feet  to the inner- 

mos t  pa r t  of the roll ,  the e lectr ical  res i s tance  was well below the 

No grafting was 

There  was intermittent grafting on 



9 

des i red  maximum value (Table 4), 

swelling of this f i lm  during grafting than was obtained with the f i lm  that, 

was crosslinked before grafting. 

There  was also considerably m o r e  

The amount of acrylic acid homopolymer formed during grafting 

was smallB and the rol ls  of f i lm could be readily removed f r o m  the j a r s .  

One sample of the grafted film was s ter i l ized fo r  72 hours  at 

142°C. 

to withstand the sterilization, and the electr ical  res is tance remained 

well below the des i red  maximum value. The tensile strength met the 

minimum requirement a 

The resu l t s  (Table 5)  were encouraging, a s  the f i lm  appeared 

Each of the aforementioned ro l l s  of grafted film were  divided into 

two equal pa r t s .  One par t  of each rol l  was crossl inked with inhibited 

divinylbenzene, and rhe other portion of each ro l l  was crosslinked with 

uninhibited divinylbenzene. Proper t ies  of the products a r e  listed in 

Table 6 ,  

It is difficult to  draw definite conclusions a s  to the effect of 

the inhibitor in the divinylbenzene because of the small number of 

analyses .  Howeverg the crosslinking appears  to increase the tensile 

s t rength of the film without having a detr imental  effect on the electr ical  

res i s tance  
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IV. CONCLUSIONS 

Grafting of low-density polyethylene f i lm  with acryl ic  acid 

followed by crosslinking with divinylbenzene gives a product superior  

to that produced by revers ing  the grafting and crosslinking procedures .  

The grafting is much more  uniformg and the e lec t r ica l  res is tance i s  

well below the des i red  maximum value. 

Because of the above resul ts ,  the p rogram should be reviewed 

and a new test plan submitted f o r  optimizing the preparat ive procedures .  





I 

1 2  
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TABLE 1. DOSIMETRY 

F i r s t  Mappinp at 14. 5 in. base c i r c l e  (112 arc)  

Position Dose Rate 

A TOP 4 . 4  x l o 4  R l h r  

Center 

Bottom 

B TOP 

Center 

Bottom 

C TOP 

Center 

B o t tom 

D TOP 

Center  

Bottom 

4 . 6  

4 . 1  

4 . 6  

4 . 1  

3 . 8  

3 .8  

3. 8 

3 .6  

3 . 8  

3.6 

3 .6  

II 

L l  

II 

11 

II 

II 

I I  

II 

I 1  

II 

1 1  



Continuation Table 1 

Second Mapping at 38.5 in. b a s e  circle ( l / 2  arc B 

Po s it ion 

A Top 2 . 5  x l o 4  R / h r .  

Dose Rate 

11 11 Center 2 . 7  

Bottom 

B Top 

Center 

Bottom 

C Top 

Center 

Bottom 

D Top 

Center 

Bot tom 

11 1 1  2 . 6  

2 .7  

2. a 

2 . 5  

2 . 4  

2.5 

2 .5  

2 . 5  

2 .4  

2 , 5  

I 1  I I  

II L L  

I I  I I  

L i  L I  

I I  I 1  

1 1  I I  

I I  I I  

I I  I I  

I I  I I  

Third Mapping at 38. 5 in, with A & B  at 39.5 in. \ 1 /2  a re )  

---_ Pos it ion 

A Center 2 . 4  x l o 4  R / h r .  

B 

C 

D 

Dose Rate 

I 1  L I  2 . 5  

2 .5  

2 . 4  

I I  

L L  L L  I I  

I I  L L  1 1  
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Continuation Table 1. 

F i r s t  Targe t  T r i a l  at 38. 5 in. (full a r c )  

Position Dose Rate 

1 Top 2.15 x l o 4  R / h r .  

I t  Center 2 .  15 I '  

Bottom 2. 15 I t  
11 

I t  2 Top 2.15 

I I  Center 2 .40 I '  

Bottom 2. 30 I '  
I I  

I I  3 Top 2.15 I t  

I I  Center 2. 30 I t  

Bottom 2 , 1 5  " 
L I  

1 1  4 Top 2 .15  L L  

Center 2 . 1 5  I '  

Bottom 2.15 I t  , 

L I  

) I  

I I  5 Top 2 .15  I '  

Center 2 .30 " 

Bottom 2.30 'I 

6 Top 2.30 " 

Center 2. 30 ' I  

Bottom 2. 30 " 

L L  

L I  

t l  

t I  

I t  



Continuation Table 1 

First Targe t  T r i a l  at 38 .  5 in. (full a rc )  - Cont. 

Position Dose Rate 

7 Top 2 . 3 0  x l o 4  R / h r ,  

Center 2 .  30 'I 1 1  

Bottom 2 .  30 '' L L  

8 Top 2 . 3 0  I' &I 

Center - -  

Bottom 2 .  30  'I I 1  

Second Tarpe t  T r i a l  at 38 .  5 in. (full arc)  

Po s it ion 

1 Center 2 .  7 x l o 4  R / h r .  

3 . 0  2 

2 . 7  3 

2 . 7  4 

2 . 6  5 

2 . 5  6 I I  

2 . 5  a 

2 . 5  8 

Dose Rate 

I 1  I1 1 1  

I I  I1 I 1  

1 1  1 1  I I  

I 1  1 1  I I  

I I  I 1  

1 1  1 1  II 

I 1  I 1  I 1  



Continuation Table 1 - 

Third Ta rge t  T r i a l  at 41. 0 in. (full a r c )  

Position Dose Rate 

1 Top 2 . 0  x l o 4  R / h r  

I 1  I I  Center 2 . 0  

Bottom 2 . 0  

2 Top 2 . 0  

Center 2 . 3  

11 I I  

I 1  I I  

II I \  

Bottom 

3 Top 

Center 

Bottom 

4 Top 

Center 

Bottom 

5 Top 

Center 

Bottom 

6 Top 

Center 

Bottom 

I \  I I  2 . 4  

2 . 1  

2 . 0  

2 . 0  

2 . 0  

2 . 0  

2 . 1  

2 . 0  

2 . 0  

2 . 0  

2 . 0  

2 "  0 

2 . 1  

\ I  L I  

LI I t  

1 1  L I  

I I  !I 

II II 

I I  I I  

I I  & I  

Ll 11 

Ll 11 

I 1  )I 

I 1  I I  

I I  I I  



Continuation Table 1. 

Third Targe t  T r i a l  at 41. 0 in. (full arc)  - Cont. 

Position Dose Rate 

7 Top 2 . 1  x l o4  R / h r  

I I  I I  Center 2 . 1  

Bottom 2.1 

8 Top 2 . 0  

Center 2 . 1  

Bottom 2 . 0  

11 I I  

I I  11 

I I  I I  

11 I I  

Four th  Targe t  T r i a l  at 41. 0 in. (full arc1 

Position Dose Rate 

1 Center 2 . 1  x l o 4  R / h r  

2 

3 

I I  I L  2 . 1  

2 . 1  

I I  

I I  I I  I I  

4 I I  2 . 1  I I  II 

5 

6 

7 

8 

I I  I I  2 . 1  

2 . 1  

2 .2  

2 . 1  

I I  

I I  I !  1 1  

11 I I  1 1  

I t  II 1 1  
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TABLE 2 'I'ENSLLE STRENGTH AND ELONGATION O F  
CROSSLINKED L O W  DENSITY POLYETHY LENE FILM 

Tensile StrengthJ$, E longat ion, 
Sample ps i  7 0  

C ont r ol 1850 > l o o  
(untreated f ilni ) 1 7 3 5  21 00 

5-1, Middle 

5-12, Middle 

5-23, Middle 

5-30, Middle 

2410 
2190 

2320 
2 370 

2320 
1945 

2200 
2 320 

,100 
,100 

> l o o  
> l o o  

3100 
"1 00 

,100 
> l o o  

:? Determined with a Gardner F i l m  Tes t e r .  
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TABLE 5. STERILIZATION O F  GRAFTED POLYETHYLENE 
AT 142°C F O R  72 HOURS 

Sample No. 1 0 - 7  

Thickness, mi l s  
B efore ste r 11 ization . d r y  
Before sterilization -wet 
After  st e r 11 ization wet 

Width, inc he s 
Before sterilization -dr y 
Before s t  e s  ilization . wet 
Aft e r st e r 11 izat ion- wet 

Length, inches 
B ef o r e  s t e r i l  iz at  ion ~ d r y 
Before s te  rilrtatron- wet 
After s t e r  11 ization -wet 

Resistance at 25.4"C,  rnilliohm-inch2 
Before sterilization 
After sterilization 

Tensile strength, p s i  
Before sterilization 
AEter sterilization 

Elongat ion, 70 
Before st e r  11 ~ z a t  ion 
After sterilizatlon 

1 . 2  
1 . 5  
1 . 6  

0 . 4 0  
0 .44 
0 .46  

4. 78 
5. 52 
5 . 4 4  

17 
9 

1040 
750 

90  
5 3  
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0 0  cr, 
0 0  
0 0  
m c r ,  
A h  

0 0  
0 0  
4 4  

A h  

0 0  0 0  0 0  0 0  
I 0 0  0 0  0 0  0 0  

rn m 
a, Q) 0 0 
h h d F; 

0 0 c d 

E 

m 

0 

0 
c + a 

2 
2 @ 

yz, 
0 

. .  
n 

c. cr, 
I N 

4 
U 

00 r. .I .. 
4 t- 

I I 
I 

I w H 
Y 0 0 0 

0' 
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A P P E N D I X  A 

Test Plan 



S O U T H W E S T  R E S E A R C H  I N S T I T U T E  
E 5 0 0  CULEERA R O A D  S A N  A N T 0  N IO, T E X A S  7 8  2 0 6 

Department of Chemistry 
and Chemical Engineering 

November 4,  1966 

M r .  H, E. Pat terson 
Senior Contract Negotiator 
Callfornia Institute of Technology 
Set Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 91 103 

Dear Mr .  Pat terson:  
Re: SwRI Project  01-2015 

The following is a test plan for  the development of a battery 

separa tor  mater ia l  process  under Contract No. 951718 (Task Order  

Number RD-38 of Subcontract under NASA Contract NAS7-100) 

The initial work will involve design of a radiation configuration" 

the setting up of suitable equipment for  i r radiat ion of multiple samples3 

and making necessa ry  dosimetry measurements .  

In this  film modification processs  low densLty (0 .  917)  poly- 

ethylene fllm will be crosslinked with divinylbenzene under the influence 

of i r radiat ion f r o m  a cobalt-60 source.  The crosslinked film will be 

grafted with acryl ic  acid in a s imilar  manner .  

The crosslinking procedure will be that l isted in the statement 

of work of Contract No. 951718. This procedure will not be modified 

unless la te r  work indicates that this is necessary .  Before making 
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any modifications in this a reap  permission will be obtained f r o m  the 

Sponsor. 

in the following studies. 

A l a rge  quantity of crosslinked film will be prepared for  use 

The experimental  portion of this p rogram will be du-ected toward 

the optimization of the acrylic acid grafting procedure.  

pa rame te r s  to  be  studied a re :  

The main 

Irradiation dose r a t e  

Total irradiation dose 

Multiple irradiation in place of continuous i r radiat ion 

to obtain total dose 

Temperature  during i r radiat ion 

Effect of oxy'gen 

Film washing methods (solution concentration, 

temperature ,  and t ime)  

Before s tar t ing a systematic study of the above parameters ,  

The following initial experiments will be made. 

(1) Trea t  the polyethylene film o r  crosslinked polyethylene 

film with hot potassium hydroxide solution to remove caustic soluble 

mater ia l s .  If the Sponsor obtains information on the light and heat 
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I .  

I .  

stabi l izers  (or other additives) present in the polyethylene film 

supplied, t reatment  will be modified for the removal of these additives. 

( 2 )  Remove inhibitor f r o m  the acrylic acid by distillation or 

liquid-solid chromatography to  determine its effect on the grafting 

procedure.  

If the above t reatments  indicate improvement of the acrylic 

acid grafted product, they will be utilized in subsequent work. Other -  

wise,  the film and acrylic acid will be used a s  received. 

In the above work it is planned to alternately evacuate and 

p res su r i ze  the tes t  tubes containing the rol ls  of film so  that a s  many 

as possible of the air pockets can be removed. The t e s t  tubes will 

remain  open to the a i r  during irradiation. 

The following one-half replicate of a Z5 factorial  experiment 

will be followed for studying the parameters  which a r e  considered 

most  important in the grafting of the crosslinked film with acrylic acid. 
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The following values will be used: 

(1) High dose rate  0 .042  Mrads /hr  
( 2 )  Low dose rate  0.021 Mrads /hr  
( 3 )  Total dose 1 2.860 Mrads 
(4) Total dose 2 1.430 Mrads 
(5) T1 ambient tempe r atur  e 
( 6 )  T2 120°F 
(7)  Discontinuous on 16 h r ,  off 8 h r  

After completion of this s e r i e s  of experiments,  a t e s t  plan for 

fur ther  work will be submitted for your approval. The follow-up 

experiments will be determined by the resu l t s  of the first s e r i e s .  

Washing of the grafted film should have no effect on the grafting 

reaction, although it may affect the propert ies  of the final film. Because 

of this,  washing studies will be delayed until the grafting experiments 

a r e  completed, and the whshing procedure used in the grafting studies 

will be that given in Contract No. 951718. 

Proper t ies  to  be determined on the grafted film a r e  tensile 

strength,  elongation, and electr ical  res is tance.  Samples for  the 

determination of the above properties will be taken every 10 feet  along 

the ro l l  and at different places ac ross  the rol l .  

4 
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The radiation configuration design, equipment construction, 

and ciosimetry will be s ta r ted  immediately. 

prel iminary work will be completed while negotiations on the t e s t  

In this way, par t  of the 

plan are being ca r r i ed  out. 

5 

Very t ruly yours,  

L e o n M .  Adams 
Manager, Organic 
and Polymer Section 
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CROSSLINKING PROCEDURE 

1, A thirty-foot length of f i lm is  backed with absorbent 

crepe paper toweling and rolled onto a one-quarter inch aluminum 

pipe which is  capped a t  one end, 

L. The rol l  of f i lm  is placed in a hydrometer j a r  

(75 mm x 550 mm) and covered with a one-percent (by volume) solution 

of divinylbenzene in a mixture of one par t  of benzene in 98 par ts  of 

methanol by volume, 

3 .  The j a r  i s  alternately evacuated and allowed to re turn  

to atmospheric p re s su re  until a i r  bubbles can no longer be removed 

f r o m  the rol l  of f i lm by evacuation. 

4. The top of the jar is  covered with aluminum foil to re ta rd  

evaporation of the solution, and the f i lm is allowed to equilibrate f o r  at  

l ea s t  24 hours .  

5. The jar and rol l  of f i lm a r e  exposed to a uniform cobalt-60 

source adjusted to give a dose rate  of 0.025 Mrads per hour until a total 

dose of 0 . 5 5  Mrads is obtained. 

6 .  

a t  l eas t  24 hours. 

benzene at a ra te  that permits  a one-minute contact t ime with the benzene. 

The washed f i lm is  backed with paper toweling, rolled and permitted to  d r y  

The jar i s  removed f r o m  the source and allowed to stand 

The f i l m  is unrolled and washed by passing it through 



INHIBITOR REMOVAL 

1. The inhibitor was removed f r o m  the divinylbenzene, when 

required,  by washing with approximately 970 potassium hydroxide 

solution. 

divinylbenzene to potassium hydroxide solution. 

was then washed with distilled water until f r e e  of potassium hydroxide, 

dr ied by pouring through a column of white Drier i te ,  and s tored under 

nitrogen at -1 0 "F until used. 

GRAFTING PROCEDURE 

Four  washings were  made using a 4 to 1 volume ratio of 

The divinylbenzene 

1 .  A thirty-foot length of film is backed with absorbent 

c r e p e  paper toweling and rolled onto a one-quarter  inch aluminum 

pipe which is capped a t  one end. 

2. The rol l  of film is placed in a hydrometer  jar 

(75 mm x 550 mm) and covered with an acryl ic  acid solution having 

a composition of 2.570 acrylic acid, 7070 benzene and 5'70 carbon t e t rx -  

chloride by weight. 

3. The j a r  is alternately evacuated and allowed to re turn  

to  atmospheric p r e s s u r e  until a i r  can  no longer be removed f r o m  the 

ro l l  of f i l m  by evacuation. 

4. The top of the jar is  covered with aluminum foil to r e t a rd  

evaporation of the solution, and the f i lm  is allowed to equilibrate for 

at leas t  24 hours .  



5.  The j a r  and rol l  of f i lm  a r e  exposed to a uniform cobalt-60 

source adjusted to give a dose rate  of 0. 021 Mrads per  hour until a 

total dose of 1 .430  Mrads is obtained. 

6 .  

a t  least  24 hours .  

570 potassium hydroxide solution fo r  one hour.  

The j a r  is  removed f r o m  the source and allowed to stand 

The f i lm  i s  unrolled and washed in hot ( 8 0 ° C )  aqueous 

7. The f i lm is then washed in hot ( 8 0 ° C )  water for  one hour 

and allowed to d ry  on paper toweling. 


